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A B S T R A C T
The usefulness of voltage mapping with strict voltage criteria for catheter ablation of postinfarction
ventricular tachycardia (VT) has been reported but not for VT associated with cardiac sarcoidosis (CS).
A 62-year-old man with CS was referred for catheter ablation of VT refractory to antiarrhythmic and
immunosuppressive therapy. Voltage mapping during sinus rhythm using strict voltage criteria with an
upper limit of the low-voltage area (LVA) of 0.8 mV revealed an LVA on the posterior side of the
interventricular septum, and a narrow isthmus was observed in the LVA. Concealed entrainment was
observed at the narrow isthmus during the VT. The VT was eliminated and was no longer inducible after a
focal radiofrequency application targeting the narrow isthmus. As with postinfarction VT, targeting the LVA
with strict voltage criteria might be a feasible method for the catheter ablation of VT associated with CS.
<Learning objective: The activation mapping strategy during ongoing ventricular tachycardia is
sometimes difﬁcult to illustrate a complete map. Adjusting the voltage limits of the bipolar maps with
strict voltage criteria for identifying the critical isthmus of the macroreentrant circuits during sinus
rhythm might be a feasible method to eliminate ventricular tachycardia associated with not only
myocardial infarctions, but also cardiac sarcoidosis.>
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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In patients with cardiac sarcoidosis (CS), ventricular tachycardia
(VT) is associated with signiﬁcant morbidity and is an independent
predictor of mortality [1,2]. Previous reports showed that catheter
ablation targeting low-voltage areas (LVAs) with strict voltage
criteria that contain the isthmus of the VT reentrant circuit, is
effective and efﬁcient in postinfarction VT. Arenal et al. [3] reported
that the strategy of decreasing the voltage deﬁnition of the scar is
critical for identifying isthmus channels with chronic myocardial
infarctions, and the majority of conducting channels were identiﬁed
when the scar voltage was set at 0.2 mV. On the other hand,
Yoshida et al. [4] proposed a strict LVA deﬁnition with an
electrogram amplitude of 0.6 mV, as a target for the catheter
ablation of postinfarction VT. However, the usefulness of voltage
mapping with strict voltage criteria for catheter ablation of VT
associated with CS has not been described. We attempted an* Corresponding author at: Department of Cardiology, Tokyo Women’s Medical
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ablation in a patient with CS.
Case report
A 62-year-old man developed complete atrioventricular block
and was implanted with a dual-chamber pacemaker 10 years
previously. He was diagnosed with lung and cardiac sarcoidosis by
chest computed tomography and endomyocardial biopsy, respec-
tively. A transthoracic echocardiogram revealed basal wall thinning
of the interventricular septum (IVS) without any aneurysmal
changes, left ventricular (LV) dilatation and systolic dysfunction
with an ejection fraction of 53%. Oral prednisolone (15 mg) was
started at that time. However, 6 years after the ﬁrst diagnosis of CS,
a ﬁrst episode of sustained stable VT with a left bundle branch block
pattern and inferior axis morphology was observed. Amiodarone
prescribed for VT control had to be withdrawn for a side effect
involving liver dysfunction. Because of the difﬁculty in controlling
the VT with medications, he was referred to our institute for catheter
ablation.
After informed consent was obtained, we performed an
electrophysiological study. Bipolar electrograms recorded with a reserved.
Fig. 1.
Left posterior oblique view of the electro-anatomical reconstruction of the right ventricle during sinus rhythm. (A) Upper limit of the low voltage area (LVA) set at
lower than 1.5 mV. (B) Upper limit of the LVA set at lower than 0.8 mV. Note that the right panel shows a channel in the LVA on the posterior interventricular
septum of the right ventricle. The red dot indicates the radiofrequency application site.
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grams were continuously monitored and stored on a computer-
based digital recording system (Cardiolab system, Prucka Engi-
neering, Houston, TX, USA). Ventricular mapping and ablation
were performed with a 3.5-mm-tip open irrigated ablation
catheter (ThermoCool, Biosense Webster, Diamond Bar, CA,
USA). A 6F quadripolar catheter was placed in the right ventricular
(RV) apex. An electro-anatomical map of the RV was initially
created during sinus rhythm using a CARTO system (CARTO,
Biosense Webster). It revealed a large LVA deﬁned as a voltage
lower than 1.5 mV on the posterior side of the IVS (Fig. 1A). Then,
when the upper limit of the LVA was set to a strict voltage criterion
from 1.5 mV to 0.8 mV, a narrow isthmus appeared in the LVA at
the basal IVS (Fig. 1B). A hemodynamically tolerated monomorphic
VT with a tachycardia cycle length (TCL) of 352 ms matching the
QRS complexes of the clinical VT was reproducibly induced with
programmed electrical stimulation from the RV apex (Fig. 2). With
detailed activation mapping in the LVA, diastolic potentials (DP)
consisting of low-voltage and fractionated electrograms preceding
the QRS by 135 ms were identiﬁed in the narrow isthmus. Pacing at
that site demonstrated concealed entrainment with acceleration of
the VT to the pacing cycle length, no change in the QRS
morphology, and a stimulus-QRS interval of 135 ms. The returnFig. 2.
Twelve-lead electrocardiogram showing a monomorphic ventricular
tachycardia (VT) matching the QRS complexes of the clinical VT. TCL,
tachycardia cycle length.cycle measured at the mapping site was almost equal to the TCL,
and the DP-QRS interval was also 135 ms, suggesting that the
pacing site was within the reentrant circuit (Fig. 3). Since the
stimulus-QRS interval was 38% of the TCL, the pacing site was
determined to be in the central isthmus of the reentrant circuit.
With only a focal radiofrequency application at that site, sustained
VT was immediately terminated and was no longer inducible.
There were no procedural complications. Eight days after the
procedure, a dual-chamber implantable cardioverter-deﬁbrillator
was implanted and there has been no recurrence of any VT without
any antiarrhythmic drugs during 2 years of follow-up.
Discussion
In this case, we found that targeting the LVA containing the
isthmus of the VT reentrant circuit with strict voltage criteria
might be an effective and efﬁcient strategy for VT associated with
CS. It is sometimes difﬁcult to illustrate a complete VT map due
to mechanical block of the VT by catheter manipulation orFig. 3.
Entrainment demonstrating diastolic potentials in the narrow isthmus
during ventricular tachycardia. Shown are leads I, II, and V1, and
the intracardiac electrograms from the mapping catheter, and right
ventricular apex electrograms. ABL, mapping catheter; RV, right
ventricular apex; d, distal; p, proximal; S, stimulus; DP, diastolic
potentials; PPI, postpacing interval; TCL, tachycardia cycle length.
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long fragmented potentials recorded in the LVA sometimes make it
difﬁcult to identify the earliest activation of the circuits and to
illustrate a complete VT map. Therefore, since the activation
mapping strategy during the ongoing VT might become time-
consuming, a combination of targeting an LVA with strict voltage
criteria using electro-anatomical voltage mapping during sinus
rhythm with entrainment mapping may possibly save the effort of
creating activation maps.
To the best of our knowledge, there have been no previous
reports discussing the ablation strategy for VT targeting LVAs with
strict voltage criteria associated with nonischemic heart diseases
associated with CS. Soejima et al. [5,6] reported that endocardial
LVAs deﬁned with a voltage amplitude of <1.5 mV measured by an
electro-anatomical mapping system were relatively smaller in
nonischemic heart diseases than in ischemic heart diseases.
Furthermore, McCrohon et al. [7] reported that all ischemic heart
diseases had a late gadolinium enhancement (LGE) with cardio-
vascular magnetic resonance (CMR) in the subendocardial or
transmural regions; however, nonischemic heart diseases had only
13% of the same ﬁnding. Scars associated with nonischemic heart
disease are often deep in the endocardium, and can be greater in
extent on the epicardium than on the endocardium. However, CS
has a distinctive trend of the cardiac involvement that might be
related to the circuit of the VT. In the previous reports [1,2], various
extent of the LVA was observed in the RV endocardial mapping in
the patients with CS and VT. The disease progression of CS often
involves a high prevalence of the basal RV being predisposed to
peritricuspid reentry [1]. Wall thinning of the basal IVS and IVS
involvement of an LGE in the CMR is commonly seen with CS [8]. In
our case, wall thinning of the basal IVS, using an open irrigated
ablation catheter, and targeting the LVA with strict voltage criteria
might have made it possible to create an adequate lesion formation
to abolish the essential slow conduction zone of the reentrant VT
with only a focal radiofrequency application from the endocardial
approach.
One limitation was that since this was a single case report, the
isthmus identiﬁed by the voltage map might have accidentally
corresponded to the functional essential pathway, and therefore,
further study to conﬁrm this strategy for the catheter ablation of VT
associated with CS will be needed. In conclusion, targeting an LVA
with strict voltage criteria using electro-anatomical voltage
mapping during sinus rhythm with a combination of entrainmentmapping might be a useful method for catheter ablation to eliminate
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